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Because information on biological agents in the workplace is lacking, biological hazard analyses at the 
workplace to securely recognize the harmful factors with biological basis are desperately needed. This 
review concentrates on literatures published after 2010 that attempted to detect biological hazards to 
humans, especially workers, and the efforts to protect them against these factors. It is important to 
improve the current understanding of the health hazards caused by biological factors at the workplace. In 
addition, this review briefly describes these factors and provides some examples of their adverse health 
effects. It also reviews risk assessments, protection with personal protective equipment, prevention with 
training of workers, regulations, as well as vaccinations. 

© 2014, Occupational Safety and Health Research Institute. Published by Elsevier. All rights reserved. 



1. Introduction 

Recently, infectious diseases have been found to be most frequent 
among occupational diseases. Discovery of occupational infectious 
diseases had a lot of ripple effects in the field of occupational medi- 
cine and industrial hygiene. Occupational infections, including 
parasitic diseases, can limit the range of applied diagnostic and cer- 
tification procedures only to diseases induced by pathogenic agents 
or by exposures occurring in the occupational environment [1]. In 
some cases, it becomes difficult or even impossible to identify the real 
cause of patients' complaints. Occupational biohazards are infectious 
agents or hazardous biological materials that exert harmful effects on 
workers' health, either directly thorough infection or indirectly 
through damage to the working environment, and it can also include 
medical waste or samples of a microorganism, virus, or toxin from a 
biological source [2]. 

The occupational infectious diseases are commonly found as part 
of a systemic infection involving the respiratory organs in immuno- 
compromised workers. There has been a lot of discussion on biolog- 
ical hazards at work, their diagnosis, and treatment. Known 



etiological causes of the disease are increasing and include occupa- 
tional factors [3]. Two main groups of biological agents are regarded 
as occupational biohazards: (1 ) allergenic and/or toxic agents form- 
ing bioaerosols, causing occupational diseases of the respiratory tract 
and skin, primarily in agricultural workers; and (2) agents causing 
zoonoses and other infectious diseases that could be spread by tick or 
insect vectors, through various exposure routes. Bioaerosols are 
biological particles of organic dust and/or droplets suspended in the 
air, such as viruses, bacteria, endotoxin, fungi, secondary metabolites 
of fungi, particles of feces, bodies of mites and insects, and feather, 
hair, feces, and urine of birds and mammals. They often induce dis- 
orders of the respiratoiy system or skin [4]. Bioaerosols are a main 
health problem in agriculture, medical or veterinary facilities, diag- 
nostic laboratories, plants producing biofuel from rape blossoms, the 
metallurgical industry, libraries, and even art conservation |5]. 

This review discusses occupational exposure to biologically 
hazardous agents and various efforts to protect workers' health; we 
also provide brief commentaries on effective measures for the 
control and prevention of occupational infectious diseases through 
their systematic classifications. 
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Table 1 



First category of biological hazards at the worl<pIace-contact with infected living animals 


Occupations 


Contact with infected living animals 


Diseases 


Animal breeder, animal caretaker, animal scientist, 
farmer and rancher, farmworker, laboratory 
animal worker, veterinarian 


Handling of infected domestic animals (inhalation 
or percutaneous exposure) 


Brucellosis, influenza, Hendra and Nipah virus 
diseases; leptospirosis; Q fever 


Animal breeder, animal caretaker, animal scientist, 
laboratory animal worker, poultry farmer, 
poultiy handler, veterinarian 


Handling of infected chickens or birds 


Campylobacter enteritis, influenza, Newcastle 
disease, psittacosis 


Animal breeder, animal caretaker, animal scientist, 
farmer and rancher, farmworker, laboratory 
animal worker, veterinarian 


Bite or scratch by infected dogs or cats 


Brucellosis, cat scratch fever, Capnocytophaga 
infection, pasteurellosis, plague, rabies, tularemia 


Farmer and rancher, farmworker, game warden, 
hunter and trapper, veterinarian, wildlife 
biologist 


Bite by skunk, raccoon, bat, fox, other carnivore, or 
woodchuck 


Rabies 


Farmer and rancher, farmworker, game warden, 
hunter and trapper, veterinarian, wildlife 
biologist 


Bite by rodents 


Monkeypox, plague, rat bite fever 


Farmer and rancher, farmworker, game warden, 
hunter and trapper, veterinarian, wildlife 
biologist 


Handling of infected rodents (inhalation or 
percutaneous exposure) 


Arenaviral infection. Hantavirus infection, Lassa 
fever, leptospirosis, LCM, monkeypox, Omsk 
hemorrhagic fever, plague 


Laboratoiy animal worker, veterinarian 


Handling of infected laboratory rats or mice 


Hantavirus infection. LCM. rat bite fever 


Laboratory animal worker, veterinarian 


Handling of infected macaque monkeys 


B-virus infection 



Note. Haz-Map. Control of communicable diseases manual; 
Available from: http://www.haz-map.com/infect.htm. 
LCM, lymphocytic choriomeningitis. 

2. Materials and methods 



In this review, relevant articles in the fields of biological hazards, 
industrial hygiene, and epidemiology were found using PubMed 
(http://www.ncbi.nlm.nih.gov/pubmed/), Google Scholar (http:// 
scholar.google.com), and ScienceDirect (www.sciencedirect.com). 
Keywords were used to locate relevant articles, and the following is 
an example of a typical search: biohazard AND workplace AND 
worker OR environment OR occupation AND health OR industry. 

These searches yielded more than 150 articles, which were 
further reviewed for occupational content. At the end of this se- 
lection process, 83 articles were deemed relevant to this review, 
and they were examined with particular emphasis on three topics: 
biological hazards, biological hazards associated with industries, 
and protection of workers against biological factors or their pre- 
vention. Prospects of industries that depend on biohazards and the 
significance of preventive health and safety measures in these in- 
dustries have also been discussed here. 



Occupational Infections" in Rom; "Occupational Infections" in LaDou. p. 280-1 [Internet]. 2012 [cited 2014 Mar 25]. 



volatile organic compounds). It also includes various particles of 
plant and animal origins. All these agents can cause allergic and/or 
immunotoxic occupational diseases of respiratory organs (airways 
inflammation, rhinitis, toxic pneumonitis, hypersensitivity pneu- 
monitis, and asthma), conjunctivitis, and dermatitis in exposed 
workers [7]. Very important among zoonotic agents causing occu- 
pational diseases are those causing tick-borne diseases. Recently, 
severe fever with thrombocytopenia syndrome (SFTS) caused by 
Phlebovirus (SFTS virus) and Tsutsugamushi disease caused by 
Orientia tsutsugamushi [8] have become serious social problems. 
Among other infectious, nonzoonotic agents, bloodborne human 
hepatitis and immunodeficiency viruses [human immunodefi- 
ciency virus (HIV), hepatitis B virus (HBV), and hepatitis C virus 
(HCV)] pose the greatest hazard to HCWs. Of interest are also 
bacteria causing legionellosis in people occupationally exposed to 
droplet aerosols, mainly from warm water [9]. 

Occupational infectious diseases in Korea occur mostly in people 
associated with industries of construction, forestry, agriculture, 



3. Results 

3.1. Basic concept of biological hazards at the workplace and their 
research trends in Korea 

Work-related accidents involving biological fluids in health care 
workers (HCWs) are among the most frequent and most serious 
accidents, which can lead to the development of various diseases. 
Occupational exposure among these workers, more specifically 
among nurses, can be attributed to several direct or indirect factors, 
such as integral and direct care to patients, administering medi- 
cation and dressing wounds, cleaning and sterilization of surgical 
materials and diverse instruments, excessive workload [6], and 
inappropriate conditions for carrying out the work process. 

In Korea, two main groups of biological agents are regarded as 
occupational hazards: allergenic and/or toxic agents forming bio- 
aerosols, and agents causing zoonoses and other infectious dis- 
eases. Bioaerosols occurring in the agricultural work environments 
comprise bacteria, fungi, high-molecular-weight polymers pro- 
duced by bacteria (endotoxin) or fungi (fi-glucans), and low-mo- 
lecular-weight secondary metabolites of fungi (mycotoxins and 



Table 2 

Second category of biological hazards at the workplace-contact with contaminated 
animal products 



Occupations 


Contact with 


Diseases 




contaminated animal 






products 




Animal Breeder, animal 


Handling of infected 


Anthrax, brucellosis. 


caretaker, animal 


animal carcasses or 


Crimean Congo 


scientist, butcher. 


placental tissues 


hemorrhagic fever. 


farmer and rancher. 




glanders, Hendra and 


farmworker, hunter 




Nipah virus 


and trapper. 




infection. 


laboratory animal 




leptospirosis. 


worker, meat packer. 




Newcastle disease. 


slaughterer. 




plague, psittacosis, Q 


veterinarian 




fever. Rift valley 






fever, S. suis 






infection, tularemia 


Grader and sorter. 


Handling of raw goat 


Anthrax 


freight handler. 


hair. wool, or hides 




packer 


from endemic areas 





Note. From the webpage of Haz-map: http://www.haz-map.com/infect.htm. 
Reproduced with permission. 
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Table 3 



Third category of biological iiazards at the worl<place-ticl(, flea, or mite bite 


Occupations 


Tick, flea, or mite bite 


Diseases 


Farmer and rancher, 
farmworker, 
forester, 
groundskeeper, 
highway 

maintenance, hunter 
and trapper, 
landscaper, logging 
worker, rail track 
maintenance 


Working in tick- 
infested area in 
North America 


Babesiosis, Colorado 
tick fever, 
ehrlichiosis, Lyme 
disease, Powassan 
virus encephalitis, 
relapsing fever. 
Rocky mountain 
spotted fever. 
Southern Tick 
Associated Rash 
Illness (STARl), tick 
paralysis, tularemia 


Building cleaning 
worker, pest control 
worker 


Working in buildings 
infested with fleas or 
mites of rodents 


Murine typhus, plague, 
rickettsialpox 


Hunter and trapper, 
laborer 


Working in mite- 
infested area of 
central, eastern, or 
southeast Asia 


Scrub typhus 



Note. From the webpage of Haz-map: http://www.haz-map.com/infect.litm. 
Reproduced with permission. 



sanitation and similar services (i.e., liospital, healthcare services, 
emergency response, etc.), and food manufacturing [10]. Only a few 
studies have been conducted on biological factors at work. For 
example, a study reported regarding bacterial concentration and 
environmental factors in factories using water-soluble metal- 
working fluids [11], and another study reported about dominant 
microorganisms in waste-handling industries [12[. New methods 
are being tried to identify biological agents and analyze them, but 
these technologies are still in their early stages. 

3.2. Classification of biological hazards at the workplace and 
precautions to protect workers from them 

According to the website of Haz-map data [13[, biological haz- 
ards can be classified into six categories: contact with infected 
living animals (Table 1 ); contact with contaminated animal prod- 
ucts (Table 2); tick, flea, or mite bite (Table 3); contact with human 
or animal waste (Table 4); contact with infected patient or blood 
(Table 5); and raising dust containing pathogens (Table 6). This 
method of classifying occupational infections is commonly used 
because it provides a means to link diseases and occupations in the 
Haz-Map database. We deemed that this type of classification can 



Table 4 

Fourth category of biological hazards at the workplace-contact with human or an- 
imal waste 



Occupations 


Contact with human or 
animal waste 


Diseases 


Child care worker, 
laboratory animal 
worker, veterinarian 


Caring for children or 
primates infected 
with hepatitis A 


Hepatitis A 


Farmworker, farmer 
and rancher, sewer 
worker 


Working or swimming 
in contaminated 
water (percutaneous 
exposure) 


Leptospirosis, 
melioidosis, 
naegleriasis, 
schistosomiasis 


Animal handler (cattle), 
child-care worker 


Caring for children or 
animals infected 
with 

cryptosporidiosis 


Cryptosporidiosis 


Farmer and rancher, 
farmworker 


Association with dogs 
in endemic areas 


Echinococcosis 



Note. From the webpage of Haz-map: http://www.haz-map.com/infect.htm. 
Reproduced with permission. 



Table 5 

Fifth category of biological hazards at the workplace-contact with infected patient or 
blood 



Occupations 


Contact with infected 


Diseases 




patient or blood 




Dental worker. 


Handling of contaminated 


AIDS, Crimean— Congo 


embalmer, health 


needles or surgical 


hemorrhagic fever. 


care worker 


instruments 


Ebola-Marburg virus 






infection, hepatitis B, 






hepatitis C, Lassa fever 


Health care worker 


Caring for sick patients 


Adenovirus, arenavirus 




(droplet/airborne 


infection, Crimean 




pathogens) 


—Congo hemorrhagic 



fever, diphtheria, Ebola 
—Marburg virus 
infection, influenza. 
Lassa fever, measles, 
meningococcus, 
monkeypox, mumps. 
Mycoplasma infection, 
parvorvirus infection, 
pertussis, rubella, SARS, 
tuberculosis. Varicella 
Health care worker Caring for sick patients AIDS, arenavirus infection, 
(bloodborne pathogens) Crimean— Congo 

hemorrhagic fever, 
Ebola-Marburg 
infection, hepatitis B, 
hepatitis C. Lassa fever. 
West Nile virus infection 

Note. From the webpage of Haz-map: http://www.haz-map.com/infect.htm. 

Reproduced with permission. 

SARS, severe acute respiratory syndrome. 

explain effectively the relationship between biological hazards and 
occupational diseases, and is the most realistic classification to 
apply at the workplace. 

Although described through the results of this review, the 
possible biological hazards associated with industries and pre- 
cautions to protect workers' health are also summarized in Table 7. 



Table 6 

Sixth category of biological hazards at the workplace-raising of dust containing 
pathogens 



Occupations 


Raising of dust containing Diseases 




pathogens ^ 


Building cleaning 


Raising of dust of excreta Arenaviral infection. 


worker, construction 


from rodents hantavirus infection. 


worker, dockworker. 


Lassa fever. 


farmer and rancher. 


leptospirosis. 


farmworker, game 


lymphocytic 


warden, granary 


choriomeningitis, rat 


worker. 


bite fever 



groundskeeper, 
heating and air 
conditioning worker, 
hunter and trapper, 
pest control worker, 
repair worker, wildlife 
biologist 



Bridge painter. 


Raising of dust from bird Histoplasmosis 


construction worker. 


roosts, chicken coops. 


demolition worker. 


or bat-inhabited caves 


farmer and rancher. 


in endemic areas 


farmworker, gardener. 




heating and air 




conditioning worker. 




roofer 





Archeologist, demolition Plowing, digging, or Blastomycosis, 

worker, farmer and excavation of soil in coccidioidomycosis, 

rancher, hunter and endemic areas paracoccidioidomycosis 
trapper, farmworker 



Note. From the webpage of Haz-map: http://www.haz-map.com/infect.htm. 
Reproduced with permission. 
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Table 7 

Possible biological hazards associated with occupations and precautions to protect workers' health 




Occupations (industries) 


Hazards and risks 


Precautions 


Food (cheese, yoghurt, salami) or food additive 
production, bakeries 


Allergies caused by moulds/yeasts, bacteria, and 
mites; organic dusts of grain, milk powder, or 
flour contaminated with biological agents; toxins 
such as botulinustoxins or anatoxins 


Closed processes, avoiding aerosol formation, 
separation of contaminated work areas, 
appropriate hygiene measures 


Health care 


Several viral and bacterial infections such as HIV, 
hepatitis, or tuberculosis; needlestick injuries 


Safe handling of infectious specimens, sharps waste, 
contaminated linen, and other materials; safe 
handling and cleaning of blood spills and other 
body fluids; use of adequate protective 
equipment, gloves, clothing, and glasses; 
appropriate hygienic measures 


Laboratories 


Infections and allergies caused by handling 
microorganisms and cell cultures, especially of 
human tissues; accidental spills and needlestick 
injuries 


Microbiological safety cabinets, dust and aerosol- 
reducing measures, safe handling and transport 
of samples, appropriate personal protection and 
hygiene measures, decontamination and 
emergency measures for spills, restricted access, 
biosafety label 


Agriculture, forestry, horticulture, animal food and 
fodder production 


Bacteria, fungi, mites, and viruses transmitted from 
animals, parasites and ticks; respiratory 
problems due to microorganisms and mites in 
organic dusts of grain, milk powder, flour, and 
spices; specific allergic diseases such as farmer's 

liino 3nH hiriH hrfpHf>r'c Inner 

ILill^ dJlLI UIILI UJ CrCLItri ^ ILIJI^ 


Dust and aerosol-reducing measures, avoiding 
contacts with contaminated animals or 
equipment, protection against animal bites and 
stings, preservation of fodder, cleaning and 
maintenance 


Metal-processing industry, wood-processing 
industry 


Skin problems due to bacteria and bronchial asthma 
due to moulds/yeasts in circulating fluids used in 
industrial processes such as grinding, fluids used 
in pulp factories, and metal- and stone-cutting 
fluids 


Local exhaust ventilation; regular maintenance, 
filtering, and decontamination of fluids and 
machinery; skin protection; appropriate hygiene 
measures 


Working areas with air conditioning systems and 
high humidity (e.g., textile industry, print 
industry, and paper production) 


Allergies and respiratory disorders due to moulds/ 
yeasts, Legionella 


Dust- and aerosol-reducing measures; regular 
maintenance of ventilation, machinery, and work 
areas; restricting the number of workers; 
maintaining high water (tap) temperatures 


Archives, museums, libraries 


Moulds/yeasts and bacteria causing allergies and 
respiratory disorders 


Dust and aerosol reduction, decontamination, 
adequate personal protective equipment 


Building and construction industry; processing of 
natural materials such as clay, straw, and reed; 
building redevelopment 


Moulds and bacteria due to deterioration of 
building materials 


Dust- and aerosol-reducing measures, appropriate 
personal protection and hygiene measures 



Note. From the webpage of European Agency for Safety and Health at Work; https://osha.europa.eu/en. Reproduced with permission. 



3.3. HCWs in hospitals, such as doctors, nurses, or emergency 
responders 

HCWs face a wide range of occupational liazards, including 
needle-sticl< injuries, bacl< injuries, latex allergy, and stress. In 
particular, occupational exposure to infectious agents, such as HIV, 
HBV, HCV, etc., are devastating to the victims. Infectious disease 
cases for which compensation is given by the Korean Workers' 
Compensation and Welfare Sei^vice (KCOMWEL) are increasing, and 
tuberculosis is the most common infectious disease for which 
HCWs are compensated by KCOMWEL in Korea [6]. Pulmonary 
diseases are well documented and diverse in many patients with 
HIV in clinical stages. HIV infection is usually not suspected, and 
HCWs may not strictly be following the safety principles that are 
otherwise applied when HIV infection is known or suspected, 
although universal precautions are routine practices. Therefore, the 
risk of exposure is highest and HIV transmission to HCWs is most 
probable [14]. Since its identification in 1985, HIV has challenged 
several aspects of HCWs. Because HIV is a bloodborne infectious 
disease, from the early days of the epidemic, concerns were raised 
about the risks of occupational exposures and infections among 
HCWs. Despite the development of a highly active antiretroviral 
therapy, risks of occupational infection with bloodborne pathogens 
remain in HCWs [15]. HIV infection poses occupational hazards to 
operating surgeons, especially in tropical Africa where the sero- 
prevalence is so high that seroconversion in medical staff 



contaminated with the virus is estimated to be 15 times (per 
annum) more than that observed in developed countries [16|. 

To explore the factors related to pandemic influenza A (HlNl) 
virus infection among HCWs, 54 HCWs working in a hospital of 
Beijing from 2009 to 2010 were recruited in a 1 :4 matched case- 
control study. Factors such as influenza A (HlNl) vaccine immu- 
nization and high-protection-level masks could protect HCWs from 
the infection of influenza A(HlNl)]17].An attempt had been made 
to reflect the state of requirements of occupational health, hygiene, 
and working conditions with respect to activities of the diagnostics, 
treatment (also surgical), and handling of such patients. Given the 
rapidly evolving nature of the outbreak of infection with the novel 
influenza A (HlNl) virus in humans, influenza vaccination is rec- 
ommended as the only way to prevent the infection among HCWs 
]18]. The HlNl influenza virus, which caused a global pandemic in 
2009, can cause severely adverse effects to women; it also poses 
special medical challenges to HCWs providing obstetric care, 
especially during deliveries involving infected women. However, 
during the 2009 HlNl influenza pandemic, the risk of nosocomial 
infection among obstetric care providers was not higher when 
respiratory infection precautions were followed [ 19], HCWs pose a 
potential risk of transmitting communicable diseases in the hos- 
pital settings where they usually work. This review determined 
influenza vaccination rates among HCWs in three Middle East 
countries, namely, United Arab Emirates, Kuwait, and Oman, to 
identify the different variables associated with the noncompliance 
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of HCWs. Influenza immunization of HCWs in tliese studied 
countries was suboptimal, wfiicfi could be improved tfirougfi 
various interventions and educational programs to increase vacci- 
nation acceptance among HCWs |20]. HCWs can be the vectors of 
influenza and cause influenza outbreaks. Data suggested that 
vaccination of nurses remains suboptimal worldwide |21 1. 

A 40-year-old female patient presented with right-side middle 
ear tuberculosis. She was a nurse who had worked at the Depart- 
ment of Pulmonology, Clinical Hospital Rijeka in Rijeka, Croatia for 
17 years. The infection was caused by Mycobacterium tuberculosis 
while she assisted in bronchoscopy. It was confirmed as an occu- 
pational disease |22]. 

Erysipelothrix rhusiopathiae is known as a pathogen of occupa- 
tional diseases. A case of £ rhusiopathiae peritonitis was reported in 
a 50-year-old male undergoing continuous ambulatory peritoneal 
dialysis. E. rhusiopathiae was considered to be introduced through a 
lacerated wound on his hand when he was exposed to contami- 
nated materials. This continuous ambulatoiy peritoneal dialysis 
peritonitis due to E. rhusiopathiae is the first such case reported in 
Asia [23]. 

It was reported an outbreak of pertussis with transmission 
between HCWs in a hospital oncology department and a patient 
identified as a possible source [24]. The Prosector's wart, ac- 
quired by pathologist from tuberculous cadavers has been 
noticeable for primary inoculation tuberculosis in HCWs with 
searching in Medline; however, there has been no case report of 
cutaneous inoculation tuberculosis in HCWs as a result of an 
accident during aspiration cytology 125]. A hospital surgeon, in 
the course of routine outpatient surgery with aspiration to 
collect right lumbar material in a patient with suspected tuber- 
culosis infection, accidentally punctured the fifth finger of the 
left hand with the needle. This is a rare case of occupational 
tubercular synovitis [26]. Nosocomial transmission to the index 
case occurred in a hospital. After returning home, the index case 
became the origin of a transmission chain within the surgeons 
own extended family (18 further cases), from index family 
members to HCWs (6 cases), and from HCWs to their household 
contacts (1 case). Five out of six occupational cases of ebola 
hemorrhagic fever occurred in HCWs [27[. 

An immunocompetent HCW with no known history of varicella- 
zoster virus disease was exposed to a patient with herpes zoster 
and was immunized 2 days later. Twenty-seven days after receiving 
the varicella vaccine, while hospitalized, she developed a dissem- 
inated rash [28 [. Occupationally acquired infection with methi- 
cillin-resistant Staphylococcus aureus (MRSA) is an issue of 
increasing concern. Recognized cases occurred predominantly 
among staff in hospitals and nursing homes. The most frequent 
infection sites were ears, nose, and throat, followed by skin. Only in 
a few cases, a genetic link between an MRSA-infected index patient 
and MRSA in an HCW was documented. MRSA infection was 
recognized as an occupational disease due to known contact with 
MRSA-positive patients or because workplace conditions were 
presumed to involve increased exposure to MRSA. As recognition of 
HCWs often depends on workplace characteristics the surveillance 
of MRSA infections in HCWs would facilitate the recognition of 
MRSA infections as an occupational disease [29[. 

Nosocomial transmission of dengue virus has been reported 
infrequently, and never in an Australian HCW. Clark et al described 
the first case of dengue virus infection occurring in a HCW in 
Australia following occupational exposure [30]. Although it is clear 
that treatment of patients with active herpes labialis lesions in- 
creases the risk of cross-infection, there are good protocols for 
controlling this risk. These protocols have provided practitioners 
with positive steps that can be taken for controlling the risk of 
spreading herpes infection to the dental team [31 [. 



Extended-spectrum (3-lactamases (ESBLs) in Gram-negative 
pathogens are increasingly prevalent in Ireland. The potential risk 
of occupational exposure of HCWs has not received significant 
attention. HCWs can be at an increased risk of acquisition of 
multidrug-resistant organisms such as ESBL-producing Gram- 
negative bacteria [32]. 

3.4. Personnel in laboratory 

Vibrio cholerae infection is a rare but well-documented cause of 
laboratory-associated illness. The first case of indigenous cholera 
documented in Austria after more than 50 years was of a 23-year- 
old microbiologist who had been working with viable V. cholerae for 
4 weeks in a practical laboratoiy course ]33]. 

Bi-ucella species is an uncommon class 3 pathogen isolated in 
laboratories serving nonendemic areas. Four recent cases of 
brucellosis were reported to be diagnosed at five different London 
laboratories ]34]. In 2012, a positive Brucella culture from a harbor 
porpoise {Phocoena phocoena) was found on the coast of southern 
Maine, USA. An investigation was initiated regarding potential 
occupational exposures of staff members at the university and 
diagnostic laboratories who were known to have handled samples 
from the porpoise ]35]. 

A needlestick injury occurred during an animal experiment in 
the Biosafety Level 4 Laboratory in Hamburg, Germany, in 2009. 
The syringe contained Zaire ebolavirus mixed with Freund's adju- 
vant [36]. It was the first reported case of Dengue virus infection 
acquired by a laboratoiy scientist conducting mosquito infection 
and transmission experiments. The exposure during laboratory- 
based mosquito infection and transmission experiments resulted in 
an acute Dengue virus infection ]37]. Also, a scientist in a laboratory 
was accidentally infected while working with Z5463, a Neisseria 
meningitidis serogroup A strain [38|. 

In 2009, a local hospital reported a suspected case of fatal 
laboratory-acquired infection with Yersinia pestis, the causative 
agent of plague. The patient, a researcher in a university labora- 
tory, had been working along with other members of the labora- 
tory group with a pigmentation-negative attenuated Y. pestis 
strain (KIM D27). This report summarized the results of that 
investigation, which suggested that the cause of death was likely 
to be an unrecognized occupational exposure (route unknown) to 
Y. pestis, leading to septic shock [39]. It was the first known human 
case of laboratory-acquired cowpox virus infection in the United 
States, ensuing investigation. Handling of contaminated reagents 
or contact with contaminated surfaces was the likely mode of 
transmission 140]. 

3.5. Field work industries such as agriculture, fishery, and forestry 

Agricultural work involves many health hazards, which can 
induce related health problems. However, because of low public 
concern and insufficient political support in the agricultural 
sector, agricultural health and safety are facing a serious crisis. 
Common work-related diseases of agricultural workers are work- 
related musculoskeletal diseases such as osteoarthritis of the hip 
and low back pain, skin diseases, pesticide poisoning, infectious 
and respiratory diseases, and effects of exposure to physical 
agents on health. For the most part, these health problems are 
related directly to agricultural work [41 [. Mycobacterium 
abscessus infection of the hand was reported in two otherwise 
healthy fish handlers. M. abscessus can cause severe chronic 
tenosynovitis and should be suspected alongside the more 
common Mycobacterium marinum as a cause of nontuberculous 
mycobacterial hand infection due to exposure to aquatic life and 
fish [42]. 
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Rhodococcus equi is a veterinary pathogen tliat can cause sub- 
stantial morbidity in patients who are occupationally and recrea- 
tionally exposed to farming, livestocl<, and dry soil environments. A 
case of occupationally acquired R. equi pneumonia and mediastinal 
lymphadenitis was reported in a study [43 1. Infection with Strep- 
tococcus suis is common in pigs. Human infection is often related to 
accidental inoculation through skin injuries during occupational 
exposure to pigs and pork. The disease may present as meningitis, 
bacteremia, and less commonly as endocarditis, arthritis, or bron- 
chopneumonia. A case of bacteremia and severe sepsis caused by 
S. suis serotype 2 was reported in a 56-year-old male with a history 
of prior contact with unprocessed pork. The causative agent was 
isolated from blood cultures and aspirated synovial fluid. This was 
the first report of mycotic aneurysm caused by S. suis in adults with 
a recent history of contact with pigs or unprocessed pork [44]. 

The serological and pathogenic properties of two E. rhusiopathiae 
isolates from human cases of infective endocarditis in Japan were 
characterized. One isolate was recovered from a fisherman and 
identified as serovar 3, which is known to be prevalent among 
fisherman [45 [. This was the first case of hip prosthetic infection due 
to Lactococcus garvieae. A 71 -year-old woman fishmonger devel- 
oped hip infection 7 years after total hip arthroplasty. The infection 
was possibly caused by the manipulation or intake of seafood or fish 
contaminated with L garvieae [46]. 

A 96-year-old Japanese man had a long working history as a 
breeder of fighting cocks; he developed two erythematous macules 
after being bitten by a cock. It was the first reported case of 
Microsporum gallinae infection in a worker in Japan 147]. A farmer 
was diagnosed to have pulmonary nocardiosis as an occupational 
disease [48]. This case was the first case of occupational pulmonary 
nocardiosis in Finland, where this infection is rare. Because farmers 
are significantly exposed to organic dusts, bacteria, and molds, it is 
always important to consider the possibility of an occupational 
disease even in the case of an acute infection 148 [. Recognition of 
occupational etiology of borreliosis is possible only when the 
relationship between the infection, occupational exposure, and 
performed work is proved. For example, a report presented the case 
of a forest worker with borreliosis coexisting with tick-borne en- 
cephalitis [49[. 

In Mexico in 2012, outbreaks of highly pathogenic avian 
influenza A (H7N3) virus were reported in poultry on farms. This 
report described two cases of conjunctivitis without fever or 
respiratory symptoms caused by highly pathogenic avian influ- 
enza A (H7N3) virus infection in workers (farmers) exposed to 
infected poultry [50[. M. marinum is a photochromogenic myco- 
bacterium that is ubiquitous in the aquatic environment. Known 
as "swimmer's granuloma" or "fish tank granuloma," M. marinum 
infection is an occupational hazard for aquarium cleaners and 
fishermen [51 [. Erysipelas is an animal disease caused by Gram- 
positive bacterium £. rhusiopathiae. It is a typical animal-borne 
disease observed mainly in occupational groups employed in 
agricultural, farming (of animals and birds), fishing, and 
manufacturing industries [52[. 

Brucellosis is a systemic infectious disease, which constitutes a 
public health problem in Turkey. A case of brucellar (septic) mon- 
oarthritis of the knee was reported in a 74-year-old cattleman [53[. 
In many cases, continuous exposure to physical and chemical ag- 
gressions facilitates penetration by different fungal species, 
including less pathogenic species. Gardeners who are commonly 
exposed to soil saprophytes, have an increased risk of developing 
onychomycosis. Similar results have been reported previously for 
gardeners, farmers, forestry workers, and housewives working 
with soil [54]. Two cases of Sin Nombre virus infection in field 
workers, possibly contracted through rodent bites, were also re- 
ported [55]. 



3.6. Animal-care workers including veterinarians 

Cryptosporidioses is a parasitic zoonotic disease caused by 
diverse Cryptosporidium species. A recently graduated student from 
a veterinary medical school, with a 20-week pregnancy, has been 
reported to be the first case demonstrating a possible cryptospo- 
ridioses transmission between humans and cats [56[. 

A small-animal veterinarian in Washington State, USA devel- 
oped leptospirosis after an occupational exposure. Approximately 
10 days prior to the onset of illness, he examined a healthy- 
appearing pet rat for fleas, which urinated on his ungloved hands 
[57]. Slaughters, tanners, stockbreeders, shepherds, butchers, vet- 
erinarians, and all those whose job requires them to work closely 
with animals are at a higher risk of infection and developing 
echinococcosis [58[. Baker— Rosenbach's erysipeloid is a skin 
infection caused by £. rhusiopathiae. It occurs essentially in humans 
exposed to animals colonized with this germ, such as swine. A case 
of chronic granulomatosis cheilitis was described in a 40-year-old 
farmer, which was caused by £. rhusiopathiae. The farmer was also a 
wild-boar hunter having injuries and insect bites. The diagnosis of 
erysipeloid was supported by epidemiological evidence (occupa- 
tional exposure) [59[. 

A dog's groomer suffered from an abscess on the palmar side of 
the right hand, caused by the migration of cut dog hairs into the 
epidermis, which was diagnosed as an occupational interdigital 
sinus pilonidalis [60[. Ante- and postmortem diagnoses of rabies 
were established in a veterinarian who became infected during 
handling of herbivores with rabies [61 [. Rabies is an endemic fatal 
zoonotic disease, commonly transmitted to humans through con- 
tact (bites and scratches) with infected animals. No history of a bite 
was diagnosed by physicians in Iran. The first case was a 39-year- 
old male veterinary technician who put his uncovered scratched 
hand into the mouth of a rabid bovine and became infected [62[. 

Orf also known as contagious ecthyma, is a zoonotic infection 
caused by a dermatotropic parapoxvirus that commonly infects 
sheep and goats. Human infection is typically associated with 
occupational animal contact (animal-care workers). Orf should be 
included in the differential diagnosis of patients with clinically 
compatible skin lesions and a history of household meat processing 
or animal slaughter [63]. 

Psittacosis is a systemic zoonotic infection. The major risk factor 
is exposure to birds; bird owners, veterinarians, those involved 
with breeding and selling of birds, and commercial poultry pro- 
cessors are most at risk [64]. Marburg hemorrhagic fever was 
detected in four miners in Uganda. Infection was likely acquired 
through exposure to bats or bat secretions in a mine in Uganda, or 
through human-to-human transmission [65]. 

3.7. Workers in manufacturing and other industries 

The presence of many workers together in semiconfined set- 
tings increases the risk of outbreaks of infectious diseases. There- 
fore, a single case of varicella on a cruise ship can result in a rapid 
spread of the disease and elevated costs for the cruise provider in 
terms of repatriation, ship diversion, law suits, and loss in current 
and potential future revenues [66[. 

Parapoxviruses are a genus of the double-stranded DNA family 
of poxviruses that infect ruminants, and zoonotic transmission to 
humans often results from occupational exposures. In 2009, para- 
poxvirus infection was diagnosed in two deer hunters in the 
eastern United States after the hunters had field-dressed white- 
tailed deer [67[. 

In 2006, two cases of severe pneumonia were reported in em- 
ployees working at two separate mills in Finland [68]. Legionella 
serological and urinary antigen tests were used to diagnose 
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Legionnaires' disease in tlie symptomatic employees, who had 
worl<ed at, or close to, waste water treatment plants. These are the 
first reported cases of Legionnaires' disease, associated with in- 
dustrial waste water systems, in Finland [68]. N. meningitidis is a 
leading cause of bacterial meningitis and sepsis. Two cases of 
meningococcal disease were reported in a police officer and a res- 
piratory therapist following occupational contact with an uncon- 
scious adult. This report describes the events of occupational 
transmission of N. meningitidis [69]. 

In Australia, infection with Mycobacterium bovis has historically 
been associated with employment in the livestock industry or 
immigration from countries in which animal disease is endemic [70]. 

A 37-year-old migrant worker was reported to have primary 
cutaneous infection due to Cryptococcus gattii after sustaining 
traumatic inoculation [71]. Livestock producers and their em- 
ployees sometimes experience unintentional needlestick injury 
while vaccinating animals or injecting them with medications. 
There are only a few published reports regarding the medical 
complications associated with such occupational exposure [72]. 

Lactic acid bacteria are used in food industries as probiotic 
agents. Occupational exposure to inhalable dust and airborne lactic 
acid bacteria was measured. Based on the results, it was recom- 
mended that measures should be taken to reduce exposure to 
airborne lactic acid bacteria and milk powder in food industries [ 73 ]. 

In japan, there had been no reports of Mycobacterium immuno- 
genum isolated from metalworking fluids. The first report of isola- 
tion of the microorganism was from the sputum of a metal-grinding 
machine worker in japan. The possibility of M. immunogenum 
infection in case of nontuberculosis mycobacteriosis and hyper- 
sensitivity pneumonitis in metalworkers was considered 174]. A 
case of an adult immunocompetent male patient working as an air- 
conditioning technician was reported in a study [75]. Another 
report described two patients with post-chikungunya rheumatism 
or an occupational disease [76[. In The Netherlands, a 60-year-old 
man presented with headache, confusion, fever, and nuchal rigidity. 
He worked at a meat factory. He was diagnosed to have bacterial 
meningitis. Particularly people who are in close contact with pigs 
have an increased risk of S. suis infection [77[. 

Three cases of ornithosis where that infection occurred have 
been reported. One was a case of a woman working in a travel agency 
in Cyprus and a further two cases having an occupational contact 
(pet shop workers) were observed to have its acute form [78]. 

3.8. Protection against or prevention of biological factors in workers 

Protection of workers against animals, plants or several aspects 
of the environment with exposure to biological hazards must be 
used in the workplace. Measures should be taken to prevent risks of 
exposure to biological agents and hazards or, where this is not 
reasonably practicable, to reduce the risk of exposure to an 
acceptable level. Control measures are systems and actions used to 
reduce the risks of exposure to biological agents and hazards. These 
include engineering controls such as containment laboratories and 
use of microbiological safety cabinets; management controls such 
as safe operating procedures, training, supervision; and the use of 
personal protective equipment such as laboratory coats, gloves, and 
spectacles. The minimum and recommended control measures 
required for work at each containment level are specified in rele- 
vant international guidance. Biological containment laboratories, 
animal facilities, and plant facilities must therefore be classified into 
one of the three containment levels (CL 1—3). Basically, contain- 
ment level 1 is for low-risk work, containment level 2 for medium- 
risk work, and containment level 3 for high-risk work [79]. 

Control measures that are used to prevent or control exposure to 
biological agents and hazards should be properly maintained. 



examined, and tested to ensure that they are working efficiently. 
The control measures that are subjected to detailed examination 
and testing include engineering controls; local exhaust ventilation, 
which includes microbiological safety cabinets and extract venti- 
lation for equipment; and respiratory protective equipment. Proper 
storage, transport, and destruction or inactivation of biological 
hazards; disinfection; autoclaving; waste management and 
disposal; health surveillance; monitoring exposure and immuni- 
zation; emergency procedures including emergency contacts; in- 
formation; as well as instruction, training, and supervision are also 
required. 

3.9. Personal Protective Equipment (PPE) 

It was suggested that gardeners are also at a risk of onycho- 
mycosis. Therefore, to avoid onychomycosis, they need to wear 
shoes, keep their feet cool and diy, keep their wounds covered, 
wash their hands and feet properly after work, and wear gloves 
during work 154]. This illness in a veterinarian (outlined above) 
might have been prevented, if the veterinarian had been wearing 
gloves during examination, as recommended by the National In- 
stitutes for Zoonotic Disease Prevention in Veterinary Personnel 
[57[. Workers and employers with these exposure risks should also 
undergo counseling regarding the use of nonpermeable gloves and 
hand hygiene to prevent infection [63[. 

3.10. Risk assessment 

A significant association between occupational exposure to 
swine and human required for infection in primates, cohort, and 
case— control studies in humans, and formal risk assessment are 
recommended before specific public-health policy actions are taken 
[80[. S. suis infection in humans mainly occurs among risk groups 
that have frequent exposure to pigs or raw pork. Prevention through 
public health surveillance is recommended, especially for in- 
dividuals with occupational exposures to swine and raw pork [81 [. 
Although medical complications from farm-related needlestick in- 
juries do not appear to be common, producers and employees who 
inject livestock need to be aware of the related risks and take 
measures to decrease unintentional needlestick injury [72[. 

3.11. Training of workers 

In laboratory personnel, training is a very important aspect of 
staff protection. Employers should provide adequate infection- 
control training to possibly exposed workers and report notifiable 
diseases promptly [69]. The most important methods for the pre- 
vention of infectious diseases among laboratory workers are to 
protect them against direct contact with biological material, apply 
vaccinations, and implement proper postexposure procedures. 
Appropriate habits of workers are relevant to the prevention of 
infections in workplaces. It is necessaiy to develop practical in- 
structions aimed at improving occupational safety to protect this 
occupational group against harmful effects of biological agents [82[. 
A relationship between knowledge, risk perception, and vaccina- 
tion behaviors among nurses was confirmed. The identified 
sentinel items of knowledge and risk perception can be useful for 
future vaccination campaigns [2 1 [. A large number of patients with 
occupational ebola hemorrhagic fever even after the implementa- 
tion of barrier nursing pointed at the need to strengthen training 
and supervision of local HCWs [27[. It should be acknowledged that 
medical diagnostic laboratories pose significantly increased risks to 
the health of laboratory workers. Therefore, properly worked out 
and obeyed procedures ensuring safety in work with biological 
material and microbes, and properly trained laboratory staff play 
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essential roles in reducing tlie risl<. Appropriate qualifications and 
habits of workers developed through training are of relevance to 
the prevention of infections in laboratories |82]. A more compre- 
hensive study is required to assess accurately the level of occupa- 
tional risk to HCWs in the acquisition of ESBL-producing organisms 
and their onward transmission to household contacts [32|. It also 
highlights the importance of appropriate laboratory practices for 
containing infected mosquitoes and preventing contact with 
potentially infectious material, including the generation of poten- 
tially infectious aerosols [37|. Researchers should adhere to rec- 
ommended biosafety practices when handling any live bacterial 
cultures, even attenuated strains, and public institutions should 
implement and maintain effective sui^veillance systems to detect 
and monitor unexpected acute illness in laboratory workers [39], In 
addition, biowaste management should be supported through 
appropriate education, training, and commitment of health care 
staff management, and health care managers within an effective 
policy and legislative framework. 

3J2. Regulations 

To achieve the target of a clean environment and save valuable 
life, all should know and understand the value and strategy of 
management of biohazards. An attempt was made to provide an 
overview of the literature on the transmission of HBV from HCWs to 
patients and the current recommendations that vary from province 
to province. Establishment of national guidelines to standardize 
monitoring of occupational infection among HCWs would improve 
health care workplace safety and patient care [83 1. To our knowl- 
edge, only a few, if any, public agencies provide specific guidelines 
pertaining to empirical treatment of severe infections for their local 
HCWs in the event of hospitalization. Local resistance patterns of 
pathogens in each hospital may assert the necessity of such a 
guideline |32]. The potential of Brucella for human infection and 
illness, as well as the intensity, duration, and expense of the follow- 
up recommended for Brucella exposure, highlights the need for 
developing standard protocols by facilities to prevent exposures 
during the handling of marine mammals, particularly during 
aerosol-generating procedures [35]. It is also important for small- 
animal veterinarians to minimize their infection risk by practicing 
recommended infection control procedures. Veterinarians should 
establish and follow a written infection control plan based on the 
standardized infection control approach, to minimize their risk of 
occupational zoonotic infections [57]. 

3.13. Vaccination 

Given the rapidly evolving nature of the outbreak of novel 
influenza A (HlNl) virus infection in humans, influenza vaccina- 
tion is recommended as the only way to prevent infection of HCWs 
and patients with underlying medical conditions ]18]. Although 
testing for varicella immunoglobulin (Ig)G and IgM antibodies, 
followed by vaccination when necessary, was a cost-effective 
method to prevent an expensive outbreak in the semiconfined 
setting of a cruise ship, it was recommended as a mandatoiy part of 
the pre-employment medical examination for Indian seafarers [66[. 
Based on a risk— benefit assessment, it was recommended that the 
exposed person take an experimental vaccine that had shown 
postexposure prophylaxis efficacy in Zaire ebolavirus-infected 
nonhuman primates [36]. 

4. Discussion 

Two main groups of biological agents are regarded as occupa- 
tional hazards: allergenic and/or toxic agents forming bioaerosols. 



and agents causing zoonoses and other infectious diseases. All these 
agents can be a cause of allergic and/or immunotoxic occupational 
diseases of respiratory organ (airways inflammation, rhinitis, toxic 
pneumonitis, hypersensitivity pneumonitis, and asthma), conjunc- 
tivitis, and dermatitis in exposed workers. Among other infectious, 
nonzoonotic agents, bloodborne human hepatitis and immunode- 
ficiency viruses pose the greatest hazards to HCWs. Of interest are 
also bacteria causing legionellosis in people occupationally exposed 
to droplet aerosols, mainly from warm water Sources of biological 
hazards include bacteria, viruses, insects, plants, birds, animals, and 
humans. These hazards can cause a variety of health problems, 
ranging from skin irritation and allergies to infections (tuberculosis 
and AIDS), cancer (liver cancer, and HBV or HCV infection), and so on. 
Several classes of pathogens, including bacteria, viruses, fungi, par- 
asites, and prions, can cause infection. Modes of transmission vary 
depending on the type of organism; some infectious agents may be 
transmitted by more than one route: some are transmitted primarily 
by direct or indirect contact, and others by droplet or airborne 
routes. Other infectious agents, such as bloodborne viruses (HBV, 
HCV, and HIV), are transmitted via percutaneous or mucous mem- 
brane exposure. Importantly, not all infectious agents are trans- 
mitted from person to person. Infection is the result of a complex 
interrelationship between a potential host and an infectious agent. 
Most of the factors that influence infection and the occurrence and 
severity of disease are related to the host. However, characteristics of 
the host— agent interaction, as it relates to pathogenicity, virulence, 
and antigenicity, are also important, as are the infectious dose, 
mechanisms of disease production, and route of exposure. 

In this review, we focused on some specific occupations such as 
those of HCWs, laboratory workers, field workers, animal-care 
workers, and workers in manufacturing industries. Many occupa- 
tions may expose the workers to biological agents. You can find a 
complete picture on the website of Haz-map: http://www.haz- 
map.com/infect.htm (Tables 1-6) [13[. 

Biological risks at the workplace can be prevented by maintain- 
ing good hygiene and sanitation. For this reason, most countries 
have developed a uniform approach called "standard precautions." 
Originally developed for hospitals, standard precautions have been 
adopted at a wide range of workplaces. They apply to all situations 
where workers have risk of exposure to blood or certain body fluids, 
and aim at preventing exposure to bloodborne diseases transmitted 
through needlestick accidents or by fluid contact with an open 
wound, nonintact skin, or mucous membranes. Education programs 
for workers about personal hygiene practices should emphasize that 
careful hand washing is extremely important in the prevention of 
diseases. Workers should be informed about using appropriate 
protective clothing and removing it at the end of the shift. They 
should also be informed about the necessity of washing hands 
frequently, and prior to eating, drinking, or smoking; they should 
also avoid nail biting. Many vaccines are available. Some of them are 
mandatory for specific occupational groups (HBV vaccine for HCWs) 
in many countries, some are occasionally mandatoiy (BCG for 
HCWs), and some are just recommended (tetanus for construction 
workers). Training in laboratory practice is a very important aspect 
of staff protection. Guidelines published by Centers for Disease 
Control and Prevention (Atlanta, USA) in preventing the trans- 
mission of tuberculous infection in health care settings must be 
adhered to [19]. In addition, a brief commentary is offered on 
effective measures for the control and prevention of occupational 
infectious diseases and their transmission among workers [6[. 

Recently, as a fundamental measure to systematically prevent 
occupational infectious diseases, our Occupational Safety and 
Health Research Institute in Korea Occupational Safety and Health 
Agency (OSHRI, KOSHA) tried to develop an at-a-glance handbook 
about these biological factors. This handbook provides precise 
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information on biological liazardous agents encountered at the 
workplace, to protect workers. More effective classification system 
of occupational infectious diseases was presented, thereby dis- 
tinguishing biologically hazardous agents, the occupations, in- 
dustries, and infectious diseases, and connecting them to the related 
workers. Many industries in Korea, which are expected to generate 
major infectious occupational-related biological factors, focus on 
this handbook that contains information on a total of 60 species and 
use it with convenience for practical utility. In conclusion, because 
information on biological agents in the workplace is lacking, bio- 
logical hazard analyses at the workplace to securely recognize the 
harmful factors with biological basis are desperately needed. Modes 
of transmission vary depending on the type of organism; some in- 
fectious agents may be transmitted by more than one route: some 
are transmitted primarily by direct or indirect contact, while others 
are transmitted by droplet, or airborne routes. 

In this review, we focused on some specific occupations such as 
those of HCWs, laboratory workers, field workers, animal-care 
workers, and workers in manufacturing industries. We concen- 
trated on literatures published after 2010 that attempted to detect 
biological hazards to humans, especially workers, and the efforts to 
protect them against these factors. In addition, this review briefly 
describes these factors, providing examples of their adverse health 
effects, risk assessments, protection with personal protective 
equipment, prevention with training of workers, regulations, as 
well as vaccinations. 

Biological risks at the workplace can be prevented by main- 
taining good hygiene and sanitation. Education programs for 
workers about personal hygiene practices should emphasize that 
careful hand washing is extremely important in the prevention of 
diseases. Workers should be informed about using appropriate 
protective clothing and removing it at the end of the shift. Many 
vaccines are available. Some of them are mandatory in many 
countries, for specific occupational groups. Training in laboratory 
practice is a very important aspect of staff protection. Guidelines 
and even a few brief commentaries are offered on effective mea- 
sures for the control and prevention of occupational infectious 
diseases and their transmission among workers. 

Recently, as a fundamental measure to systematically prevent 
occupational infectious diseases, OSHRI, KOSHA, tried to develop an 
at-a-glance handbook about these biological factors. This handbook 
provides precise information on biological hazardous agents at the 
workplace, to protect workers. More effective classification systems 
of occupational infectious diseases was presented, thereby dis- 
tinguishing biologically hazardous agents, the occupations, in- 
dustries, infectious diseases, and connecting them to the related 
workers. It is expected to generate the major infectious occupa- 
tional-related biological factors, focusing on this handbook with a 
total of 60 species, and used with convenience for practical utility. 
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